lists common parameters and forcing applied for each case. Model-specific parameters were varied to enable comparison. )/yr in all three models. The transport rate was calculated in GenCade with many of the default parameters; in order to compare the models for each case, the parameters in Unibest and Litpack were adjusted to produce a transport rate of 200,000 m 3 /yr.
Case 2: Straight Shoreline, Single Groin. A case having a straight shoreline with a single groin 75 m long (175 m from the grid origin) at the center of the domain was tested next (Figures 1  and 2 ). The groin presents an obstruction to longshore transport, which results in reduced transport rates as sediment is bypassed around the groin. This local transport reduction in the vicinity of the groin translates to a gradient in transport rates as transport transitions to and from background rates, which drives accretion of sediment and resulting shoreline progradation seaward on the left side of the groin as the transport rates decrease significantly at the groin. There was good agreement between GenCade results and Unibest results for the simulation with a single groin. However, when the scenario was tested in Litpack, it was found that a longer simulation time of 20 yr was needed to produce similar results. When the Litpack model was run for only 2 yr, the change in shoreline position across the length of the beach was much more modest. Because of the constant angle boundary condition in Litpack (the only option), running the scenario for 20 yr resulted in substantially greater volume change than the other models. Varying the length of the groin was also tested, although it resulted in no significant improvement. The longer run with Litpack was only undertaken as an exercise to understand Litpack model behavior for a case that does not appear to accurately reflect physical processes; therefore, the other models were not run for the longer period. (Figures 3 and 4) . Because of the breakwater, the transport rate decreases directly behind the structure. In GenCade, the net transport decreases from approximately 200,000 m 3 /yr to approximately 25,000 m 3 /yr directly behind the structure. Litpack had very similar results. Unibest, conversely, produced much more subtle changes in transport rate and in shoreline position. This is because there is no separate wave model to account for diffraction in Unibest. To approximate this process, the transport rate behind the breakwater was estimated using smaller waves, but was not rigorously refined. Therefore, the results shown for Unibest would not be expected to be representative. As discussed in Thomas and Frey (2013) , Unibest does have a method for modeling breakwaters, but that method was not applied here since a separate wave model was not developed for this model comparison.
Case 4: Straight Shoreline, T-groin. A T-groin case was demonstrated with a 90 m-long Thead groin at the center of the domain located 100 m offshore of the shoreline with all diffracting groin tips set to a depth of 6 m. Figures 5 and 6 show a nearly symmetric shoreline change response in the lee of the T-groin and on either side of the groin and the accretion of shoreline out to the structure tip. The transport rates decrease from a background rate to zero directly adjacent to the groin structure. There was good agreement between GenCade results and Litpack results over Groin the entire length of the domain. However, as in Case 3, Unibest did not return similar results because a separate wave model was not run to calculate the diffraction of waves resulting from the breakwater section of the T-groin. Case 5: Straight Shoreline, Seawall. A seawall case was demonstrated with a 100 m-long seawall at the center of the domain located 10 m shoreward of (behind) the shoreline. Since a seawall that lies behind a straight shoreline with no other structures will never become exposed, a groin was added 100 m updrift of the seawall to force shoreline erosion in the vicinity of the seawall and expose the seawall to influence downdrift shoreline evolution. The groin is of the same dimensions as that in the single groin case. Figure 7 shows the shoreline eroding to the right of the groin, exposing the seawall. The seawall halts erosion but accelerates erosion to the right (downdrift) of the seawall. All three models show some accretion in front of the seawall over the representative period. Overall, there was general agreement between GenCade, Unibest, and Litpack for this case with substantial differences in magnitude of updrift accretion and downdrift erosion in Litpack, as discussed under the single groin case. Case 6: Straight Shoreline, Beach Fill. In GenCade, the case of a straight shoreline without any coastal structures was again tested, but in this case, a beach fill was added to evaluate shoreline progradation during the fill and the diffusion of the material and shoreline evolution after project completion (Figures 8 and 9 ). In GenCade, the beach fill project was initiated 2 months into the simulation and involved a construction duration of 2 months adding 50 m of berm width over an alongshore distance of 500 m. Upon beach fill completion (i.e., after two months of pumping fill onto the berm), no additional material was added. In Unibest, however, the *.tab file, which contains the nourishment volumes in time, could not be read, perhaps due to a version issue, so nourishment could not be tested. Instead, a shoreline advance was added and modeled. This method was employed in Litpack, as well. All three model results clearly show the lateral diffusion of the beach fill material along the shoreline. It is also evident that the greatest deviation from background transport rate occurs at the fill transition zones. There was visible accretion to the left and right of the shoreline advance, with erosion happening at the site of the shoreline advance.
T-groin T-groin

USER EXPERIENCE:
This section discusses the graphical user interfaces (GUI) of Unibest and Litpack and the basic concepts of operating each. Some representative screens shots from each GUI are included. The GenCade GUI is described in detail in Frey et al. (2012) .
Unibest CL+. Unibest CL+ consists of two integrated sub-modules: the longshore transport module (LT-module) and the coastline module (CL-module). Longshore sediment transport is computed with the LT-module separately for a number of cross-shore profiles along a coastline. These transport calculations are then used in the CL-module to perform coastline evolution simulations in which the effects of structures such as groins, offshore breakwaters, and revetments can be incorporated. In Unibest, the layout of the GUI includes a tree view (Figure 10 ) so it is clear to the user which files are being used within a certain project. Unibest also contains a visualization area to set up a model. In the CL-module it is possible to edit files, including structures, through pop-up dialogs.
In Unibest, the administration of the CL-module is also facilitated through a pop-up dialog in which the file administration and model run settings can be specified, such as the time frame of the simulation and output/numerical time-step. The CL-module is run from the CL run menu (Figure 11 ). Here, it is possible to present an erosion graph, which is a visualization of the coastline erosion/accretion along the coastline, or make an animation. Litpack. Litpack's menu system is more interactive compared to that of Unibest in terms of model documentation and Help. At each stage within the menu tree in Litpack, relevant Help menu screens are offered to provide guidance. A convenient feature of Litpack is the copy-andpaste option for direct import and export from spreadsheet programs. The user also has the option of defining the layout of graphical views, such as font settings, lines, and colors.
Beach Fill Beach Fill
A primary feature of Litpack is the integrated modular structure to add on coastline, cross-shore, and backfilling modules. The primary module used for the purposes of this report was Litline, which calculates coastline evolution. To create a new Litpack model setup, the working area must be defined by the minimum and maximum coordinates in a rectangular coordinate system. The baseline is defined as a straight line with a certain orientation and a specific number of equidistant grid steps. This line corresponds to the baseline in the Litline module, on which the coastline specifications are based. Figure 12 below shows the graphical setup for a 3,000 m shoreline. The project explorer is shown on the right. The project explorer shows files associated with different models and folders but is not related to model setup in the same way as Unibest. Inserting structures in Litpack can be done several different ways: by using the Insert button in the header bar, the icons in the scroll down menu, or the Litline setup dialogs.
Creating a new Litline model setup requires specification of all model parameters, including cross-shore profile properties, coastline properties, wave climate, and sediment transport. Structures can also be added here, as discussed previously. After all the input files are specified, the final Overview dialog provides a summary of setup just created and allows the user to continue with the execution of the program or go back and make changes. When Execute is selected, the user can save the model setup by a filename in a pop-up dialog.
GenCade. GenCade is set up and run from the Surface-Water Modeling System (SMS) graphical user interface. The system allows for easy addition of aerial photos, shorelines, wave data, and one-dimensional grid in the same workspace. This makes model grid creation easier than Unibest or Litpack. Model grids and solution files are shown in the explorer tree on the left of the GUI (Figure 13 ). An important distinction between GenCade and Unibest is that the explorer tree in SMS does not include model setup parameters.
Setting up model parameters and running the model is completed through windows accessed from the GenCade button on the top of the GUI (Figure 14) . One drawback to this approach is that the user must have the appropriate grid type selected before the GenCade model interface will become visible. Although not technically daunting, this limitation can be frustrating for new users.
Available parameters are discussed in Thomas and Frey (2013) ; they are generally similar for all three models with differences based on the model capabilities already discussed. CONCLUSIONS: This CHETN documents application of three shoreline change models to a set of standard benchmark cases by a new shoreline change model user. Some general conclusions are summarized as follows:
 Notable differences between models run during this application:
o Simulating groins on a straight beach was similar in GenCade and Unibest, but Litpack showed substantially less impoundment for the same conditions. o In GenCade, breakwaters take significantly longer to model than any other feature, primarily because the calculation is intensive, and the model runs in the time domain. Unibest and Litpack both take a frequency domain approach to simulations, significantly reducing simulation time. o GenCade and Litpack have internal models of wave diffraction, while Unibest does not.  To take into account wave diffraction around a groin or another structure in Unibest, it is required that the user compute the diffracted waves at several alongshore points in the affected area, either with a suitable wave propagation model or with engineering rules/diagrams. Since this desktop evaluation did not include separate wave modeling, the Unibest results for those cases were not comparative. o GenCade has an inlet bypassing capability and an inlet reservoir model for calculation of shoal and inlet feature sediment balance, which Unibest and Litpack do not. Therefore, an inlet case was not tested. o GenCade allows for user-specified beach placement starting after the simulation start time. In both Litpack and Unibest, beach fill is added to the initial shoreline position for analysis. The results were very similar. o Unibest and Litpack both allow more rigorous approaches to calculating longshore transport. The methods calculate sediment transport at specified profiles across shore. Then the longshore transport is estimated by integrating transport across the profile.  Although the additional detail possible with the advanced method may provide improved accuracy, populating the needed parameters and evaluating the quality of the results may be problematic with typically existing data (i.e., shoreline position). o Litpack and Unibest allow users to input numerous grain sizes across the full model domain, rather than being limited by a single grain size.  This capability was not considered in this analysis. o Litpack capabilities include only one type of boundary condition (i.e., fixed shoreline angle). This was noted as a key feature driving differences in model results.  Evaluation of software packages by a new user:
o Overall, GenCade was somewhat easier to learn than Unibest and Litpack for these test cases. Familiarity with other USACE modeling systems may have benefited GenCade in this evaluation. o It was possible to review provided documentation and run successful demonstrations in fewer than 8 hours for all three models. o Documentation was found to be approximately equal in terms of completeness and understandability from the perspective of a new user.  The exception was that Litpack takes the extra step to integrate model documentation into the GUI. The Help function has model documentation broken down by the different steps/buttons in the GUI, making it easy to find documentation related to each feature.
o The tree approach to model setup used in Unibest made it easier to keep track of all the model inputs required and made it easier to remember how to set up and execute the model. Both Litpack and GenCade require the user to search through file drop-down menus to set up and execute the model, making it more difficult for the less-frequent user to remain fluent.
